



RI VWDQGDORQH ZLQG V\VWHPV IRU HPEHGGHG JHQHUDWLRQ WDNLQJ LQWR
DFFRXQW LWV EHQHILWV WR VPDOO RIIJULG UXUDO FRPPXQLWLHV DW 
PHWHRURORJLFDO VLWHV LQ1LJHULD$ VSHFLILF HOHFWULF ORDG SURILOHZDV
GHYHORSHGWRDFFRPPRGDWHFRPPXQLWLHVFRQVLVWLQJRIKRPHVD
VFKRRO DQG D FRPPXQLW\ KHDOWK FHQWUH 7KLV ORDG SURILOH ZDV




WKH 1LJHULD 0HWHRURORJLFDO 'HSDUWPHQW 2VKRGL 7KH +20(5
VRIWZDUH RSWLPL]LQJ WRRO ZDV HQJDJHG IRU WKH IHDVLELOLW\ VWXG\ DQG
GHVLJQ(DFKVLWHZDVVXLWHGWR0:ZLQGWXUELQHVLQVHWVRIILYHWKXV
0: ZDV GHVLJQHG IRU HDFK VLWH 7KLV GHVLJQ FRQILJXUDWLRQ ZDV
DGRSWHGLQRUGHUWRHDVLO\FRPSDUHWKHGLVWULEXWHGJHQHUDWLRQV\VWHP
DPRQJVW WKH VLWHV WR GHWHUPLQH WKHLU UHODWLYH HFRQRPLF YLDELOLW\ LQ
WHUPVRIOLIHF\FOHFRVWDVZHOODVOHYHOLVHGFRVWRISURGXFLQJHQHUJ\
$QHWSUHVHQWYDOXHZDVHVWLPDWHGLQWHUPVRIOLIHF\FOHFRVWIRURI









RI JRYHUQPHQW WR DJJUHVVLYHO\ LPSDFW RQ DFFHOHUDWHG
JURZWK LQ WKH HQHUJ\ VHFWRU 7KLV KDV OHG WR VOXJJLVKQHVV LQ
HFRQRPLFGHYHORSPHQWWKHUHVXOWRILQDGHTXDWHJHQHUDWLRQRI
SRZHU WR GULYH LQGXVWULDO DQG HFRQRPLF JURZWK$V RI 
1LJHULD
V SULPDU\ FRQVXPSWLRQ ZDV UHFRUGHG WR EH
DSSUR[LPDWHO\ 0LOOLRQ 7RQV RI 2LO (TXLYDOHQW 0WRH RU
 7:K +RZHYHU D KXJH FKXQN RI WKHVH YROXPHV DUH
SURGXFHGE\WUDGLWLRQDOELRPDVVDQGZDVWHVHH)LJ\LHOGLQJ
RI WKHQDWLRQ
V WRWDO SULPDU\ FRQVXPSWLRQ$GGLWLRQDOO\




GHYHORSPHQW DQG DGYDQFHPHQW HVSHFLDOO\ IRU WKH UXUDO

2 2 $MD\L LV ZLWK 0HFKDQLFDO (QJLQHHULQJ 'HSDUWPHQW &RYHQDQW
8QLYHUVLW\ 30 % 2WD 1LJHULD SKRQH  HPDLO
ROXVH\LDMD\L#FRYHQDQWXQLYHUVLW\HGXQJ





$ $WWDER LV ZLWK 0HFKDQLFDO (QJLQHHULQJ 'HSDUWPHQW &RYHQDQW
8QLYHUVLW\2WD1LJHULDHPDLODPHKD#\DKRRFRP
SRSXODFH3UHVHQWO\DQXPEHURIUHPRWHUXUDOFRPPXQLWLHVDUH
VWLOO XQFRQQHFWHG WR WKH FHQWUDO QDWLRQDO JULG V\VWHP
&RQVHTXHQWXSRQWKLVLVDVXUJHLQUXUDOXUEDQPLJUDWLRQZLWK
LWVDWWHQGDQWULVNRIIRRGLQVHFXULW\DQGDQRYHUVWUHWFKRIEDVLF








UDWH RI GHIRUHVWDWLRQ LQ 1LJHULD LV DSSUR[LPDWHO\ 
KHFWDUHVSHUDQQXPFRUUHVSRQGLQJ WRRIFXUUHQW IRUHVWV
DQG ZRRGODQGV )XUWKHUPRUH WKH UDWH RI UHIRUHVWDWLRQ RQO\





GLYLGH RI 1LJHULD 7KH UHVHDUFK IRFXVHV RQ WKH IHDVLELOLW\ RI
JHQHUDWLQJ FOHDQ HQHUJ\ IURP D IUHHO\ DYDLODEOH DQG QRQ
GHOHWHULRXV VRXUFH RI HQHUJ\  ZLQG HQHUJ\ 7KH LGHD LV WR
LQWURGXFHDQHQHUJ\PL[WKDWZLOODLGWKHGHYHORSPHQWRIUHPRWH
FRPPXQLWLHV ZKLOH LQFUHDVLQJ WKH WRWDO HQHUJ\ GHOLYHUHG WR
GLVWULEXWLRQQHWZRUNVLQHDFKUHJLRQE\JHQHUDWLQJZLQGSRZHU
LQWKH0:UDQJH7KLVFRQFHSWLVDVWHSWRZDUGVUHDOLVLQJWKH
)HGHUDO *RYHUQPHQW RI 1LJHULD











V 0LQLVWU\ RI 3RZHU HVWLPDWHG D QHZ
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HQG RI HQHUJ\ SRYHUW\ 7KH\ KDYH WKHUHIRUH UHVRUWHG WR WKH





UHTXLUH KXJH FDSLWDO LQYHVWPHQWV FRXSOHG ZLWK YHU\ KLJK
RSHUDWLRQ DQGPDLQWHQDQFH FRVWV 7KHUHIRUH WKH IDVWHVW URXWH
RXWRI WKLVTXDJPLUH LV IRU1LJHULD WR ORRN LQ WKHGLUHFWLRQRI
QRQGHSOHWLQJHQYLURQPHQWDOO\IULHQGO\HQHUJ\VRXUFHVZKLFK
DUH IUHHO\ DEXQGDQW DFURVV WKH FRXQWU\ $OWKRXJK UHQHZDEOH
HQHUJ\ WHQGV WR KDYH KLJK LQLWLDO FDSLWDO FRVWV WKH FRVW RI







$ QXPEHU RI UHVHDUFKHV KDYH EURXJKW WR OLJKW WKH KXJH
SRWHQWLDO RI JHQHUDWLQJ HOHFWULFLW\ RQ D PDVVLYH VFDOH IURP
UHQHZDEOHHQHUJ\UHVRXUFHVLQ1LJHULD0HGXJXDQG0DOJZL>@
VWXGLHG DQG HVWLPDWHG WKH ZLQG HQHUJ\ SRWHQWLDO RI 0XEL
$GDPDZD6WDWH1LJHULD7KHPRQWKO\DYHUDJHZLQGVSHHGZDV
IRXQG WR EH PV ZLWK DQ HVWLPDWHG SRZHU GHQVLW\ RI
:P 7KH UHVHDUFKHUV WKHQ VXJJHVWHG WKDW KDUQHVVLQJ
ZLQGHQHUJ\IRUSRZHUJHQHUDWLRQFRXOGVXIILFLHQWO\FDWHU IRU
WKH  0: SRZHU GHILFLW LQ WKH WRZQ ZKLOH SURYLGLQJ





VLWH 7KH\ GLVFRYHUHG D YHU\ IDYRXUDEOH ZLQG VSHHG SURILOH











6RNRWR6WDWH1LJHULD7KHLU VWXG\ UHYHDOHG WKDWZLQG VSHHGV
UDQJHGIURPWRPVZLWKPRGDOZLQGVSHHGVUDQJLQJ
IURPWRPV7KH\DOVRIRXQGWKDWRIWKHZLQGVSHHG


















ZLWK FRUUHVSRQGLQJ DQQXDO PHDQ SRZHU GHQVLWLHV RI 
DQG:PUHVSHFWLYHO\7KHVWXG\WKHQVXJJHVWHG
WKH PRVW IHDVLEOH RSWLRQ IRU HOHFWULFLW\ JHQHUDWLRQ LQ HDFK
ORFDWLRQ'LNNRDQG<DKD\D>@FDUULHGRXWDQHYDOXDWLRQRI
WKHZLQGSRZHUGHQVLW\LQ*RPEH<RODDQG0DLGXJXULDOOLQ
1RUWK(DVWHUQ 1LJHULD 7KH RXWFRPH UHYHDOHG WKDW WKH
QRUWKHDVWHUQ UHJLRQ RI 1LJHULD LV VXLWDEOH IRU ZLQG SRZHU
JHQHUDWLRQ7KHKLJKHVW SRZHUGHQVLW\ DPRQJVW WKH VLWHVZDV
:PDW*RPEH
World Academy of Science, Engineering and Technology
International Journal of Environmental, Chemical, Ecological, Geological and Geophysical Engineering Vol:10, No:5, 2016 


























































UHJLRQV RI 1LJHULD +RZHYHU PRVW RI WKH VWXGLHV RQ ZLQG
HQHUJ\ VWDWLVWLFDOO\ DQDO\VHG DYHUDJHZLQG VSHHGV DQG SRZHU
GHQVLWLHV )XUWKHUPRUH WKHVH UHVHDUFKHV ZHUH IRFXVHG RQ
LQGLYLGXDO VLWHV RU VHOHFW VLWHV ZLWKLQ D JHRSROLWLFDO UHJLRQ
7KHUHIRUH WKLV UHVHDUFK LV FHQWUHG RQ SUHVHQWLQJ D KROLVWLF
UHFRUG RI ZLQG HQHUJ\ JHQHUDWLRQ SRWHQWLDOV RI DOO IRUW\
PHWHRURORJLFDO VLWHV DFURVV WKH VL[ UHJLRQV LQ 1LJHULD 7KLV
VWXG\ SUHVHQWV D PDSSLQJ RI DOO VLWHV ZKLOH UHYHDOLQJ WKH
SURILWDELOLW\RURWKHUZLVHRIJHQHUDWLQJZLQGSRZHUDWHDFKVLWH
YLDXWLOLW\VFDOHZLQGWXUELQHLQVWDOODWLRQVE\WDNLQJDGYDQWDJH
RI 1LJHULD¶V UHQHZDEOH HQHUJ\ GULYHV >@>@ ZKLFK KDV
FXOPLQDWHGLQD IDYRXUDEOHIHHGLQ WDULII>@IRULQGHSHQGHQW
UHQHZDEOHHQHUJ\SURGXFHUV$QH[FHVVRI0:JHQHUDWHGFDQ
EH IHG LQWR D QHDUE\ GLVWULEXWLRQ QHWZRUN LQ D IRUP RI
JHQHUDWLRQ WHUPHG HPEHGGHG JHQHUDWLRQ 7KH UHVHDUFK





7KH SDSHU UHFRPPHQGV WKH LQFRUSRUDWLRQ RI WKLV DSSURDFK
OHDG WKURXJK D SULYDWH VHFWRU GULYH LQ WKH UHQHZDEOH HQHUJ\
VHFWRUZKHUHVRFLDOO\ UHVSRQVLEOHHQWLWLHVFDQSURYLGHHQHUJ\
IRUWKHUXUDOSRSXODFHDQGLQWKHSURFHVVVHFXUHSURILWV7KLVZLOO









ZHUH HPSOR\HG IRU WKLV VWXG\ZHUH VRXUFHG IURP WKH1LJHULD
0HWHRURORJLFDODJHQF\1,0(72VKRGL/DJRV1LJHULD
%/RDG&DOFXODWLRQ
(OHFWULFLW\ FRQVXPSWLRQ DPRQJ UXUDO FRPPXQLWLHV LQ
GHYHORSLQJQDWLRQVKDVEHHQGHWHUPLQHGWREHUHODWLYHO\ORZLQ
WKH UDQJH RI DQ DYHUDJH RI  N:KGD\ SHU KRPH >@ >@
7KHUHIRUHWKLVVWXG\DVVXPHGDQHQHUJ\GHPDQGUHTXLUHPHQW





IRU HDFK FRPPXQLW\+RZHYHU WKLV ORDG SURILOHZDV GLUHFWO\
FDSWXUHG LQ WKH0:ZLQG WXUELQHGHVLJQ DUUDQJHPHQW IRU




$PRQJVW WKH QXPHURXV YDULHWLHV RI VWDWLVWLFDO GLVWULEXWLRQV
KHOSIXO LQGHVFULELQJDQGDQDO\VLQJZLQGVSHHGGDWD:HLEXOO
GLVWULEXWLRQKDVEHHQIRXQGWR\LHOGWKHPRVWVDWLVIDFWRU\UHVXOWV
>@>@ 7KH :HLEXOO VKDSH IDFWRU N LV D SDUDPHWHU WKDW
VSHFLILHV WKHZLGHQHVV  QDUURZQHVVRIDGLVWULEXWLRQRIZLQG




     

IYLVWKHSUREDELOLW\RIKDYLQJDZLQGVSHHGRIPDJQLWXGHY
7KH PDWFKLQJ :HLEXOO &XPXODWLYH 'LVWULEXWLRQ )XQFWLRQ
&')LVJLYHQDV













   
$(VWLPDWLRQRI:LQG3RZHU'HQVLW\
7KH ZLQG SRZHU GHQVLW\ IRU HDFK VLWH LV FDOFXODWHG LQ 
XVLQJWKH:HLEXOOSDUDPHWHUVDV

         

SY ZLQGSRZHUGHQVLW\:PDQGȡ DLUGHQVLW\DW WKH
VLWH
%6LPXODWLQJ WKH (OHFWULFDO 3RZHU 2XWSXW IURP D :LQG
7XUELQH0RGHO
(TXDWLRQ  SUHVHQWV D FRPELQDWLRQ WKDW FDQ EH XVHG LQ
VLPXODWLQJ WKH HOHFWULFDO SRZHU \LHOG RI GLYHUVHZLQG WXUELQH
PRGHOV

    
&:LQG(QHUJ\3URGXFWLRQ6LPXODWLRQ
7KH DYHUDJH SRZHU RXWSXW   RI D ZLQG WXUELQH LV
SUHVHQWHG LQ    LV FRQQHFWHG WR WKH WRWDO HQHUJ\
SURGXFHGLQDGGLWLRQWRWKHWRWDOUHYHQXHFRVWDQDO\VLV>@
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    

(TXDWLRQ  SUHVHQWV WKH FDSDFLW\ IDFWRU &) RI D ZLQG




    

2QH WXUELQH PRGHO ZDV HPSOR\HG IRU WKH HPEHGGHG
JHQHUDWLRQ DQDO\VLV 7KLV LV WKH ( RI (QHUFRQ 7KH
WHFKQLFDOGHWDLOVRIWKHWXUELQHVDUHSUHVHQWHGLQ7DEOH,9>@
>@7KH SRZHU FXUYH IRU WKH WXUELQH LV SUHVHQWHG LQ )LJ 
&XPXODWLYH ( WXUELQHV ZHUH XWLOL]HG IRU HPEHGGHG
JHQHUDWLRQ DW HDFK PHWHRURORJLFDO VWDWLRQ 7KH ZLQG HQHUJ\
HPEHGGHGJHQHUDWLRQ V\VWHPVZHUH VXLWHG WRFRQQHFW WRD 
09$ GLVWULEXWLRQ LQMHFWLRQ VXEVWDWLRQ 7KH IHHGLQ WDULII IRU
ZLQG HQHUJ\ LQ1LJHULD
V(OHFWULFLW\5HJXODWRU\&RPPLVVLRQ










NQRZQ WR SUHVHQW H[WUHPHO\ GLYHUVH FRVW FKDUDFWHULVWLFV D
VXLWDEOH HFRQRPLF RSWLPL]DWLRQ PRGHO LV XVXDOO\ GHFLVLYH LQ
VHOHFWLQJUHQHZDEOHDQGQRQUHQHZDEOHHQHUJ\VRXUFHVHLWKHU
VLQJO\ RU LQ FRPELQDWLRQ >@ 5HQHZDEOH VRXUFHV RI HQHUJ\
KDYH D WHQGHQF\ WRZDUGV KLJK LQLWLDO FDSLWDO FRVWV DQG ORZ





OLIHWLPH DUH FDSWXUHG LQ WKH OLIH F\FOH DQDO\VLV 7KHVH FRVWV
LQFOXGH WKH LQLWLDO FRVWV RI FRQVWUXFWLRQ PDLQWHQDQFH
FRPSRQHQWUHSODFHPHQWVIXHOFRVWVLIDSSOLFDEOHDQGFRVWRI
EX\LQJSRZHU IURP WKHJULG ZKHUHDSSOLFDEOHSOXV UHYHQXH





7KH VDOYDJH YDOXH RI DOO FRPSRQHQWV RI DW WKH HQG RI WKH
SURMHFWOLIHF\FOHLV

        

ZKHUH 6 LV WKH VDOYDJH YDOXH  LV WKH FRPSRQHQW
UHSODFHPHQWFRVW LVWKHUHPDLQLQJOLIHRIWKHFRPSRQHQW
DQG UHSUHVHQWVWKHFRPSRQHQWOLIHWLPH
7KHFRVWRI WKHZLQGHQHUJ\V\VWHPXVHG LQVLPXODWLQJ WKH
5(V\VWHPVHWXSLVSUHVHQWHGLQ7DEOH9,>@>@$\HDU
SURMHFW OLIH F\FOH ZDV XWLOL]HG LQ FDUU\LQJ RXW WKH WHFKQR
HFRQRPLFVLPXODWLRQRIWKHZLQGHQHUJ\V\VWHP
(TXDWLRQ  LV XVHG LQ GHWHUPLQLQJ WKH WRWDO QHW SUHVHQW
FRVWDIWHUWKHWRWDODQQXDOL]HGFRVWRIWKHV\VWHPLVGHULYHGIURP
WKHDQQXDOL]HGFRVW IRUHDFKFRPSRQHQW7KHWRWDODQQXDOL]HG
FRVW LV YLWDO LQ HVWLPDWLQJ WKH YDOXH RI WZR IXQGDPHQWDO
HFRQRPLF LQGLFDWRUV IRU WKH V\VWHP ZKLFK DUH WKH WRWDO QHW
SUHVHQWFRVWDQGWKHOHYHOL]HGFRVWRIHQHUJ\/&2(

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=RQH 6LWH 6WDWH /DWLWXGH1/RQJLWXGH(
1RUWK:HVW
6RNRWR 6RNRWR  
<HOZD .HEEL  
*XVDX =DPIDUD  
.DGXQD .DGXQD  
.DWVLQD .DWVLQD  
=DULD .DGXQD  
.DQR .DQR  
1RUWK(DVW
0DLGXJXUL %RUQR  
%DXFKL %DXFKL  
3RWLVNXP <REH  
1JXUX <REH  
<ROD $GDPDZD  
,EL 7DUDED  
1RUWK&HQWUDO
-RV 3ODWHDX  
,ORULQ .ZDUD  
%LGD 1LJHU  
$EXMD )&7  
/RNRMD .RJL  
0DNXUGL %HQXH  
0LQQD 1LJHU  
6RXWK:HVW
,VH\LQ 2\R  
,NHMD /DJRV  
2VKRGL/DJRV /DJRV  
,MHEXRGH 2JXQ  
$EHRNXWD 2JXQ  
2VKRJER 2VXQ  
2QGR 2QGR  
$NXUH 2QGR  
6KDNL 2\R  
,EDGDQ 2\R  
6RXWK(DVW
2QLWVKD $QDPEUD  
(QXJX (QXJX  
2ZHUUL ,PR  
6RXWK6RXWK
&DODEDU &URVV5LYHUV  
3RUW+DUFRXUW 5LYHUV  
,NRP &URVV5LYHUV  
2JRMD &URVV5LYHUV  
:DUUL 'HOWD  
8\R $NZD,ERP  
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ZKHUH DQQXDO SURMHFW UHYHQXH \U 7KHUHIRUH
WKHOHYHOLVHGFRVWRIHQHUJ\/&2(LV

     
ZKHUH FRYHUVWKHWRWDODQQXDOL]HGFRVW DQG 
LV WKH WRWDO DPRXQWV RI SULPDU\ DQG GHIHUUDEOH ORDG VHUYHG
DQQXDOO\ E\ WKH V\VWHP UHVSHFWLYHO\ VXPPHG XS DV
 WRWDO ORDG VHUYHG ZKLOH  LV WKH
DPRXQWRIHQHUJ\VROGWRWKHJULGSHUDQQXP,QWKLVDQDO\VLV
LQ FRPSXWLQJ /&2( YDOXHV HQHUJ\ VHUYHG LV UHJDUGHG DV
QHJDWLYH DQG JULG VDOHV UHYHQXH LV UHJDUGHG DV SRVLWLYH





H[WHQVLRQ D QHJDWLYH /&2( YDOXH 7KLV LV WHUPHG OHYHOLVHG
YDOXHRIHQHUJ\/92(>@7KLVRXWSXWSURYLGHVDPHDVXUH
RI GHWHUPLQLQJ WKH YLDELOLW\ RI JHQHUDWLQJ HOHFWULFLW\ IURP
UHQHZDEOH HQHUJ\ VRXUFHV DW D SRLQW LQ ZKLFK UHYHQXHV SOXV
RWKHUJRYHUQPHQWLQFHQWLYHVH[FHHGVDOOFRVWLQFXUUHGSHUN:K
6LQFH WKH 13& KDV \LHOGHG D SRVLWLYH YDOXH LH QHW SUHVHQW
YDOXH139LWH[SODLQVWKDWWKHSURMHFWHGHDUQLQJVJHQHUDWHG
E\ WKH LQYHVWPHQW LQSUHVHQWGROODUVH[FHHGV WKHDQWLFLSDWHG
FRVWVDOVRLQSUHVHQWGROODUV,QJHQHUDODQLQYHVWPHQWZLWKD
SRVLWLYH 139 LV NQRZQ WR EH D SURILWDEOH RQH +HQFH LW LV
VLJQLILFDQW IURP DQ LQYHVWRUV


























79 $& 1HJDWLYH     
%XOE $& 1HJDWLYH     
)DQ $& =HUR     
:DWHU3XPS $& 3RVLWLYH &RPPXQLW\EDVHG &RPPXQLW\EDVHG   
5DGLR '& =HUR     
&OLQLFHTXLSPHQW $& 3RVLWLYH &RPPXQLW\EDVHG &RPPXQLW\EDVHG   
6FKRROHOHFWURQLFV $& 3RVLWLYH &RPPXQLW\EDVHG &RPPXQLW\EDVHG   




















(QHUFRQ       
9F FXWLQZLQGVSHHG9) ZLQGFXWRXWVSHHG9)L  ORZZLQGFXWRXW






'HVFULSWLRQ  N: N:K
,QWHUFRQQHFWLRQFKDUJH   
6WDQGE\FKDUJH \U  
*ULGVDOHFDSDFLW\   
3XUFKDVHFDSDFLW\   
*ULGSRZHUSULFH   






























IRU PRGHUQ WXUELQHV LV  PV WKH PRQWKO\ DYHUDJH YDOXHV
HYLGHQFHWKDWPRVWRIWKHVLWHVDUHZHOOPDWFKHGZLWKPRGHUQ
World Academy of Science, Engineering and Technology
International Journal of Environmental, Chemical, Ecological, Geological and Geophysical Engineering Vol:10, No:5, 2016 









































































WKH 5( SURMHFW DW GLIIHUHQW ,5 6L[ ,5 ZHUH XWLOL]HG LQ WKH



















VRXWKHUQ1LJHULD FRXOG EH VDLG WR SHUIRUP IDLUO\ZHOOZLWK D
UHDVRQDEOHSRUWLRQRIWKHVLWHVEHLQJHFRQRPLFDOO\YLDEOH
)LJ  SUHVHQWV WKH VDPH UHVXOWV LQ WKH IRUP RI ZLQG SRZHU
PDSSLQJ IRU HPEHGGHG JHQHUDWLRQ LQ 1LJHULD )LJV 
SUHVHQW WKH 139 YDOXHV DJDLQVW HDFK ,5 XWLOL]HG LQ WKH
VHQVLWLYLW\DQDO\VLV IRU WKHGLIIHUHQW UDQNLQJFDWHJRULHVZKLOH
)LJVSUHVHQWWKHQHWJULGVDOHVLQN:KSHUDQQXPIRUHDFK
FDWHJRU\7KHUHVXOWVRIQHWJULGVDOHVDWHDFKVLWHDVVKRZQLQ
)LJV  VKRZ WKDW WKH DQQXDO VDOHV LQ N:K\U UDQJHG
EHWZHHQIRU,ORULQDQGIRU-RVH[FHOOHQW
FDWHJRU\)RUWKHJRRGFDWHJRU\LWUDQJHGEHWZHHQ
IRU $EXMD DQG  IRU 0DNXUGL ZKLOH WKDW RI WKH
LQIHDVLEOH FDWHJRU\ UDQJHG EHWZHHQ  IRU 2QGR DQG
IRU2QLWVKD




VSHHGV IRU HDFK VLWH VHH )LJV  7KLV UHYHDOV WKDW WKH
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ZLQG HQHUJ\ VWDQGDORQH V\VWHPV 7KH HPEHGGHG JHQHUDWLRQ
V\VWHPVDQDO\VLVSURRIWKDWWKLVIRUPRIJHQHUDWLRQFDQEHFRPH
HIIHFWLYH ZKHQ HQJDJHG E\ ERWK JRYHUQPHQW DQG SULYDWH
FRUSRUDWLRQV LQ SURYLGLQJ HQYLURQPHQWDOO\IULHQGO\ DQG QRQ





LQFOXGH HQGLQJ SRYHUW\ DQG KXQJHU LPSURYLQJ KHDOWK DQG
HGXFDWLRQPDNLQJFLWLHVPRUHVXVWDLQDEOHFRPEDWLQJFOLPDWH
FKDQJHHWF7KHVHJRDOVOLNHWKH0'*VDUHDOVRVLJQLILFDQWO\






SHU FDSLWD HOHFWULFLW\ FRQVXPSWLRQ DQG KHOS VWLPXODWH WKH
OHWKDUJLF QDWXUH RI WKH QDWLRQ¶V UXUDO HOHFWULILFDWLRQ
SURJUDPPHV
5()(5(1&(6
>@ ,QWHUQDWLRQDO HQHUJ\ GDWD DQG DQDO\VLV 86 (QHUJ\ ,QIRUPDWLRQ












>@ :RUOG'HYHORSPHQW ,QGLFDWRUV (OHFWULF SRZHU FRQVXPSWLRQ N:K SHU








LQ 0XEL $GDPDZD 6WDWH 1LJHULD ':0HGXJX ',0DOJZL 1LJHULDQ
-RXUQDORI3K\VLFV9RO
>@ 22$MD\L52)DJEHQOH -.DWHQGH -22NHQL\L$YDLODELOLW\ RI
ZLQG HQHUJ\ UHVRXUFH SRWHQWLDO IRU SRZHU JHQHUDWLRQ DW -RV 1LJHULD
)URQWLHUVLQ(QHUJ\'HFHPEHU9ROXPH,VVXHSS
>@ -$LGDQ-&2GRGR:LQG6SHHG'LVWULEXWLRQVDQG3RZHU'HQVLWLHVRI
6RPH &LWLHV LQ 1RUWKHUQ 1LJHULD -RXUQDO RI (QJLQHHULQJ DQG $SSOLHG
6FLHQFHV,661;









,QWHUQDWLRQDO -RXUQDO RI (QHUJ\ DQG (QYLURQPHQWDO (QJLQHHULQJ 
 $YDLODEOH RQOLQH KWWSZZZMRXUQDOLMHHHFRPFRQWHQW
DFFHVVHG
>@ ,'LNNR'%<DKD\D(YDOXDWLRQRIZLQGSRZHUGHQVLW\LQ*RPEH<ROD
DQG 0DLGXJXUL 1RUWK HDVWHUQ 1LJHULD -RXUQDO RI 5HVHDUFK LQ 3HDFH
*HQGHUDQG'HYHORSPHQW,6619ROSS0D\

>@ (QHUJ\ &RPPLVVLRQ RI 1LJHULD DQG 8QLWHG 1DWLRQV 'HYHORSPHQW
3URJUDPPH(&181'35HQHZDEOH(QHUJ\0DVWHU3ODQ)LQDO'UDIW
5HSRUW ±± $YDLODEOH RQOLQH KWWSZZZLFHHGQLJHULDRUJ
5(03)LQDO5HSRUWSGIDFFHVVHG
>@ )HGHUDO 0LQLVWU\ RI 3RZHU DQG 6WHHO )HGHUDO 5HSXEOLF RI 1LJHULD
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ZRUOG HQHUJ\ RXWORRN  7KH ,QWHUQDWLRQDO (QHUJ\ $JHQF\ ,($
S
>@ *HQHUDO :DWWDJH &KDUW $YDLODEOH RQOLQH
KWWSSRZHUVXUYLYDOFRPLQIRKWPDFFHVVHG
























>@ +20(5 6RIWZDUH $YDLODEOH RQOLQH DW KWWSKRPHUHQHUJ\FRP
GRZQORDGHG0DUFK




(OHFWULILFDWLRQ DQG 'LVWULEXWHG *HQHUDWLRQ LQ 6HOHFWHG 6LWHV DFURVV






>@ ,QWHUQDWLRQDO (QHUJ\ $JHQF\ 5HQHZDEOH (QHUJ\ (VVHQWLDOV :LQG
RUJDQLVDWLRQ IRU (FRQRPLF&RRSHUDWLRQ DQG'HYHORSPHQW,QWHUQDWLRQDO




 &RVW RI :LQG (QHUJ\ 5HYLHZ 1DWLRQDO 5HQHZDEOH (QHUJ\




'LVWULEXWHG *HQHUDWLRQ 5HQHZDEOH (QHUJ\ (VWLPDWH RI &RVWV XSGDWHG
$XJXVW  $YDLODEOH RQOLQH KWWSZZZQUHOJRYDQDO\VLV
WHFKBOFRHBUHBFRVWBHVWKWPODFFHVVHGRQ
>@ )HGHUDO 0LQLVWU\ RI :RPHQ $IIDLUV  1LJHULD¶V 5HSRUW RQ WKH
,PSOHPHQWDWLRQRI WKH%HLMLQJ3ODWIRUPIRU$FWLRQDQG&RPPRQZHDOWK
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